This work in progress is motivated by a self-study conducted at Texas State University. The study revealed that the average second year science, technology, engineering and math (STEM) student retention rate is 56% vs. 67% for all majors, and that 16% of STEM majors are female while 57% of all undergraduate students are female. Using these statistics, the authors identified the need to offer motivating experiences to freshman in STEM while creating a sense of community among other STEM students. This paper reports on the impact of two interventions designed by the authors and aligned with this need. The interventions are: (1) a one-day multidisciplinary summer orientation (summer15) to give participants the opportunity to undertake projects that demonstrate the relevance of spatial and computational thinking skills and (2) a subsequent six-week spatial visualization skills training (fall 2015) for students in need to refine these skills. The interventions have spatial skills as a common topic and introduce participants to career applications through laboratory tours and talks. Swail et al. 1 mentions that the three elements to address in order to best support students' persistence and achievement are cognitive, social, and institutional factors. The interventions address all elements to some extent and are part of an NSF IUSE grant (2015-2018) to improve STEM retention.
The summer 2015 orientation was attended by 17 freshmen level students in Physics, Engineering, Engineering Technology, and Computer Science. The orientation was in addition to "Bobcat Preview", a separate mandatory one-week length freshman orientation that includes academic advising and educational and spirit sessions to acclimate students to the campus. The effectiveness of the orientation was assessed through exit surveys administered to participants. Current results are encouraging; 100% of the participants answered that the orientation created a space to learn about science and engineering, facilitated them to make friends and encouraged peer interaction. Eighty percent indicated that the orientation helped them to build confidence in their majors. Exit survey findings were positively linked to a former exit survey from an orientation given to a group of 18 talented and low-income students in 2013.
The training on refining spatial visualization skills connects to the summer orientation by its goals. It offers freshman students in need to refine spatial skills a further way to increase motivation to STEM and create community among other students. It is also an effective approach to support students' persistence and achievement. Bairaktarova et al. 2 mention that spatial skills ability is gradually becoming a standard assessment of an individual's likelihood to succeed as an engineer. Metz et al. 3 report that well-developed spatial skills have been shown to lead to success in Engineering and Technology, Computer Science, Chemistry, Computer Aided Design and Mathematics. The effectiveness of the fall 2015 training was assessed through comparison between pre and post tests results and exit surveys administered to participants. All participants improved their pre-training scores and average improvement in students' scores was 18.334%.
Motivation and background
Texas State University is a public, student-centered, emerging research university with almost 38,000 students. The university is a Hispanic Serving Institution where ethnic minorities make up 49% of the student body and 33% are Hispanic. A self-study conducted in Fall '13 revealed that second year STEM retention rate is 56% vs. 67% for all majors, 16% of STEM majors are female while 57% of undergraduate students are female, and second year retention for Hispanics and African Americans is 46% vs. 60% for white. In Spring'15, the authors and six other faculty in the College of Science and Engineering were awarded a four-years grant from the NSF -IUSE program (Jan 1, 2015 -Dec 31, 2018) with the goals of producing significant improvements in freshman and sophomore retention rates in Chemistry, Computer Science, Engineering, Engineering Technology, Mathematics and Physics and increasing the number of female, Hispanic and African American students completing undergraduate degrees in these STEM fields.
The funded NSF -IUSE project comprises the following strategies and supporting activities: 1. Improve instruction by (a) establishing a STEM education active learning faculty summer institute and quarterly brown bag and (b) redesigning introductory CS courses. 2. Establish early and motivating field-of-study and career explorations for students through a) Summer Orientation Sessions for first-year STEM students and b) a first-year introductory course in Engineering and Engineering Technology. 3. Foster meaningful student engagement experiences into the professional community by (a) offering guided internships for second-year students in Engineering and Engineering Technology and b) enhancing student mentoring and social and educational activities and recruitment. 4. Support student academic learning through evidence-based learning support approaches by a) scaling up existing Supplemental Instruction (SI) in chemistry and mathematics and b) expanding the existing Learning Assistant (LA) program in physics. This paper presents preliminary results for two interventions designed by the authors and aligned with the goal of offering motivating introductory experiences to freshman in STEM while creating a sense of community among other STEM students. The interventions are: (1) a one-day multi-disciplinary summer orientation (summer15) to give participants the opportunity to undertake projects that demonstrate the relevance of spatial and computational thinking skills (activity 2a in the previous list) and (2) a follow-on six-week spatial visualization skills training (fall 2015) for students in need to refine these skills. The interventions have spatial skills as a common topic and introduce participants to career applications through laboratory tours and talks. According to the framework proposed by Swail et al. 1 , the three elements to address in order to best support students' persistence and achievement are cognitive factors, social factors, and institutional factors. The interventions address all three elements to some extent.
The results in this paper are preliminary as they are based on only the first year of the grant period (2015) (2016) (2017) (2018) . For freshman in need to refine their spatial skills, the assessment of spatial visualization skills and the subsequent training is a way to prolong the summer orientation goal of offering motivational introductory experiences while creating community among other STEM students. The training also aligns with the grant ultimate goal of improving STEM retention. For instance, Bairaktarova et al. 2 mention that spatial skills ability is gradually becoming a standard assessment of an individual's likelihood to succeed as an engineer. Metz et al. 3 report that welldeveloped spatial skills have been shown to lead to success in Engineering and Technology, Computer Science, Chemistry, Computer Aided Design and Mathematics.
The paper is divided in three sections. The first one reports on the summer orientation. The second one reports on the spatial visualization skills training. The sections are subdivided and each of them includes separate literature review, research questions, description of the interventions and results subsections. Conclusions and future directions are in the third section.
Summer orientation

Literature review
The literature on the impact of freshmen multi-disciplinary STEM summer orientations is scarce. The work in Callahan et al. 4 parallels to our effort because they looked to design an orientation and a set of correlated activities to increase retention rates for freshman in multiple STEM fields (science, math and engineering). A difference between Callahan et al. 4 work and ours is that their two-day orientation had no particular technical topic and was limited to informing about curriculum requirements and career paths, providing course advising and introducing key human resources. The three correlated activities that Callahan et al. 4 developed to complement the orientation goals were access to a mathematics learning system to prepare students across the summer, freshman learning communities and a fall coursework on improving scientific thought reasoning skills for STEM students not ready for calculus.
The literature on summer orientations targeted to single-disciplines is more abundant. To keep this paper at a reasonable length the authors report on the literature that has the best connection to this research. Thompson and Consi's 5 research resemble our work since they developed three theme focused orientations aligned with the goal of offering motivating experiences to freshman. Their orientations exposed students to the excitement and challenges of engineering through a hands-on project and four other social and technical elements. Thompson and Consi's 5 results are encouraging. A compilation of six to seven years' worth of surveys shows that orientations helped freshman to get a sustained student/mentor interaction, meet upperclassmen and friends who could provide guidance and advice during the academic year, and increase students' interest in their fields. The orientations also increased enrollment in the departments.
The scope in Lam et al. 6 work is wider than the one proposed by the authors in this paper since it targets high school students. However, Lam et al. 6 work parallels to this research because it also designs multiple interventions with the ultimate goal of improving student's retention. The precollege platform reported in Lam et al. 6 consist of three elements. The first one is a six-week summer residential pre-engineering program for 9 th -12 th grade high school students. The curriculum includes math, sciences, language arts, technical writing and computer science combined with laboratory demonstrations and practical hands-on experience in engineering design. The second element is year-round career workshops at local manufacturing and research facilities and weekly tutorial sessions facilitated by college students. The third one is a one-week summer program following high school graduation to improve math concepts, introduce students to faculty and upperclassmen and perform academic advising and placement testing among others. Data collected for ten years shows that this platform increased access and retention of under-represented students pursuing STEM careers. A 66% (45 out of 68 participants) majored in a STEM academic area and 94% pursued college education. The retention rate for the summer program from year to year was between 59% and 75%.
Further review of best practices of freshmen STEM orientations at other campuses 7 and literature review on how to attract women to engineering and STEM related fields [8] [9] [10] [11] [12] guided in the design of the summer orientation reported in this paper. It was decided that it should include the following elements: (1) a focus on a cutting-edge technical topic 7 , (2) a couple of activities to engage students on peer interaction 7 , (3) space to make friends, learn, build confidence, and develop critical thinking 4-7 , (4) emphasis on hands-on activities 5-9 , (5) participation of upperclassmen and faculty/staff [5] [6] [7] and (6) dissemination of the societal good of STEM careers to appeal female and minorities interests 9 .
Pascarella, Terenzini, and Hibel 13 found that the first few informal interactions between students and faculty appeared to be the most important and that as the frequency of interaction increases, the residual achievement showed a diminishing tendency. They also found that interactions "to discuss intellectual or course related matters" and "to discuss matters related to future career" made the most significant contributions. Pascarella, Terenzini, and Hibel 13 are in agreement with the authors approach for designing an orientation with an intellectual focus as opposed to one dedicated only to academic advising and course selection and social aspects.
Research questions
Following is the list of research questions regarding the summer orientation. They are aimed to validate that the orientation motivates students in STEM and contributes to build community among other STEM students. The questions also investigate if the orientation topics related to spatial visualization skills, computational thinking, and critical thinking need improvement. Q1. Are the orientations effective in engaging the students in their chosen fields? Q2. For which students are the orientations more helpful? Some of the factors to consider are race/ethnicity, gender, high school GPA, and major. Q3. Are the orientations effective at creating an environment to make friends and encourage peer interaction? Q4. Are the orientations effective at creating an environment to learn about science, engineering, and the connections between them? Q5. Are the orientations helpful at supporting development of students' confidence regarding their chosen career fields? Q6. Are certain orientation topics more appealing for students than others? Q7. Are the orientations effective at supporting students' development of critical thinking?
Description of the pilot summer orientation
The one-day orientation was developed and run in the summer semester of 2015. It ran from 9 am -5 pm and was offered twice. This orientation was in addition to "Bobcat Preview", a separate mandatory one-week length freshman orientation that includes academic advising and educational and spirit sessions to acclimate students to the campus. The cutting-edge technical topic selected for the orientation was robotics. The objective of the orientation was to introduce the participants to the robotics topic through hands-on activities that demonstrate the relevance of spatial and computational thinking skills, the relationship between science and engineering and the importance of critical thinking and team work.
The orientation started with a welcome and an entry survey to collect participants' demographic information and attitudes towards STEM. Later, students formed groups of two and worked on assembling and testing the LEGO Mindstorms Robots and their sensors. The time allotted for this activity was 2 hours; three undergraduate students and one faculty facilitated the activity. Students were encouraged to brainstorm strategies to minimize assembly time and achieve precise and high speed robot movement. Most of the participants had no previous experience assembling LEGO robots.
Students shared a networking lunch with faculty and other undergraduate students. During this time, faculty gave information about the different STEM related student societies and demonstrated robotics and other engineering applications using Matlab and Mathematica. After lunch, the group joined a scientific laboratory tour (Robotics Lab or Human Computer Interaction and Eye Tracking lab). Participants did hands-on activities and asked questions assisted by faculty and undergraduate students working in the labs. After the tours, participants worked in pairs learning to program the LEGO robots and performing a competition activity 14 .
Each team was given a laptop equipped with LEGO Mindstorms software and Excel. The software allowed the teams to program the robots, collect the data, plot a graph and come up with a hypothesis about the time the robot would require to traverse an arbitrary distance specified by the faculty and/or an undergraduate student leader. The teams who did the most accurate predictions won prizes. After the competition ended time was allotted to reflect on the exercise and the lessons learned.
In the last part of the orientation, students watched some highlights from videos related to robot applications previously collected by the faculty and the undergraduate students planning the orientation. A magazine article 15 related to humans and robots interaction was provided as a reading. Freshman engaged in discussing the practical questions: a) how can robots enhance real world operations such as rescue missions, medicine, manufacturing, and transportation? and b) in regards to various majors and fields, which tasks are best facilitated by robots as compared to people? Participants also reflected on the relevance of the reading. After completing this critical thinking exercise, participants took the exit survey and disassembled the LEGO robots.
Demographics
About 363 freshman in Physics, Computer Science, Engineering, and Engineering Technology were invited to voluntarily attend the one-day orientation. The final total number of students attending the orientation was 17. Students in Chemistry and Math were not invited. This was to maintain a small group size in order to allow close individual attention. Figures 1-3 show the ethnicity, gender and major for participants (17 students) and non-participants (346 students). To keep figures 1-3 easier to read, bars for the percent distribution for the total number of invited students are omitted. These bars coincide with the ones for the non-participants since the number of non-participants and the number of invited students are close. Figure 1 shows that 48% of the participants were African American, Hispanic or Asian. This percentage agrees very well with the fact that ethnic minorities at Texas State University make up 49% of the student body. Figure 1 also shows that percentages of participation for the groups Hispanic and Other (i.e. Native Hawaiian or Pacific Islander, unknown, and American Indian or Alaskan Native) were lower if compared to the percentage of non-participants in these groups. In future orientations, the authors will increase the publicity and inform the counselors advertising the orientations about the importance of having a fair representation from all ethnic groups. Figure 2 indicates that the participation of female students in the orientation was 29%. This number is high if compared to the 15% of female students in the non-participants group. The number is also high if compared to the number of female in each of the targeted STEM fields. Available data from the Office of Institutional Research reports the following percentages of female students: 14.8% Computer Science, 13.8% Engineering Technology, 17.15% Engineering, and 13.88% Physics. Figure 3 reports that 77% of the participants were majoring in Physics or Engineering while only 38% of the non-participants were majoring in these fields. In future orientations, the authors expect to keep a high participation of these majors and at the same time to increase participation of Computer Science and Engineering Technology majors by strengthening the advertisement about the orientations. It is pleasing to learn that the robotics topic seemed to be very appealing to all engineering fields and in particular to Electrical Engineers (EE). 
Figure 1: Ethnicity participants and non-participants in the orientation
Figure 2: Gender for participants and non-participants in the orientation
Impact assessment and its correlation to a former summer orientation
The impact of the orientation was assessed by using an exit survey completed by the student participants. The mapping of the five questions (a-e) in the exit survey to some of the research questions listed in Subsection 2 is shown in Table 1 . Due to the more complex nature of research questions Q1, Q2 and Q7 they were not asked directly to the participants. The answers for research questions Q3 and Q4 are encouraging; 100% of the participants reported that the orientation was effective in creating a space to make friends and encourage peer interaction. Quotes from students' explanations to this answer included "small group that let interaction", "met people with similar interests", "working in teams allowed collaboration", "fun and interactive" and "made friends". Similarly, 100% of the participants considered that the orientation was effective to create a space to learn about science and engineering and the relationship between them. Their explanations included "we were able to see the relationship between the two by the robot activity", "learned differences and similarities", and "showed us how science is needed in the problem solving process".
The high percentages obtained for Q3 and Q4 also link and in some way surpass the ones in an exit survey one of the authors administered in a former summer orientation (Summer 2013) with a relatively similar format. The orientation was offered to 18 talented, low-income students (83.33% female, 16.67% male) enrolled in a scholarship program. The former summer orientation did not include Q3 and Q4 but included the question: "Did you gain anything from the orientation?" In the former orientation, 16 out of 18 (88.88%) participants reported that they gain anything from the orientation.
The favorite activity of the 2015 orientation day (i.e. answer to Q6) was assembling the robot (64.3%) and the laboratory tours (28.6% biometrics lab and 7.1% robotics lab). All participants majoring in Computer Science, Engineering Technology, Industrial and Manufacturing Engineering indicated that assembling the robot was their favorite activity while all the Physics majors didn't choose it as their favorite. For students majoring in Electrical Engineering, opinions about the favorite activity of the day were equally divided between assembling the LEGO and doing the laboratory tours. Besides, assembling the robot was the favorite activity for 58% of the female and 60% of the male participants and no pattern regarding ethnicity was observed in the answers to this question. The students' reasons for selecting assembling the robot as response were expressed by their comments: "able to work with a partner", "cool to see other designs", and "challenging but fun". The students' reasons for selecting the lab tours were "very interesting" and "with many future applications".
Regarding which was the least favorite activity of the day, 35.71% of the participants answered none. The remaining 64.29% answered: "listening to the list of organizations because I like hands-on activities" (7.14%), "disassembling the LEGO robot because it has many tiny parts" (7.14%), "the entry survey because it was a bit too long" (14.29%), "tour to biometrics lab because it took too long " (7.14%), "walk to the biometrics lab because it's summer" (7.14%), "assembling robot because is time consuming" (7.14%), "data collection in the competition activity" (7.14%) and "tour to robotics lab because there were no demonstrations with the larger robots" (7.14%). There were no patterns in ethnicity, student major or gender regarding the selection of the least favorite activity of the day.
The former orientation (summer 2013) to the18 students enrolled in a scholarship program took 5 days and consequently included a larger number of activities in which students had to actively participate, individually or as a team. Table 2 shows average and standard deviations for the responses to the question: "How useful did you find the different topics covered in today's orientation on a scale from 1 (not at all useful) to 5 (very useful)?" Table 2 shows that participants in the 2013 orientation gave the highest scores to: (1) taking the Purdue Spatial Visualization Test (PSVT-R) to learn about their spatial skills and (2) working on the LEGO robots activity. The findings in the former orientation strongly supported the selection of topics for the summer and fall 2015 interventions. Furthermore, it is reassuring to see the correlation between the percentages of satisfaction with the LEGO robots activity reported for the Summer 2013 and the Summer 2015 orientations. In summer 2013, 66.67% of the students voted the LEGO activity as very useful (4-5 score) and in summer 2015, 64.30% of the students voted LEGO as the favorite activity of the day. The answers to Q5 were informative since 78.57% of the summer 2015 participants considered the orientation helpful to construct confidence in their chosen field. Quotes from students were "It gave me more info about my major", "I can see what to expect in future courses", "yes, this is my passion", "gave me confidence to interact with peers and opportunity to listen to other explanations", "it showed me the hands-on version of my major and motivated me". The 21.43% that answered "No" explained their answer in the following ways: "didn't talk too much about other fields", "wanted more instruction about electrical engineering" and "showing more on the robots and explanation on how our majors are applicable to robotics would be fun". These comments are helpful to guide future directions discussed in the last section of this paper.
Spatial visualization skills training
Literature review
The National Science Board 2010 report 16 recognized that besides math and verbal skills spatial visualization skills (SVS) are necessary for the success in STEM. Strong SVS have been shown to be critical to the success of engineers and students in the fields of Engineering, Technology, Computer Science, Chemistry, Computer Aided Design and Mathematics 3, 17, 18, 19 . The assessment and remediation of those skills is growing in engineering curricula across the country 2, 17, 18, 20, 21 . The 3D spatial skills of female often lag behind those of men 17 . Research and practice have shown that proactive spatial testing of first-year and second-year engineering students plus a follow-on spatial course for those with weak skills contributes to the success of engineering students 17, 21, 22 . Furthermore, in the former summer orientation (summer 2013) offered to 18 talented, low-income students (83.33% female, 16.67% male) one of the authors collected data about the time teams of two students took to assemble the LEGO robot (not including the time to assemble and test the sensors). The average time was 47 minutes, the standard deviation was 16 minutes, the minimum was 25 minutes and the maximum was 72 minutes. These results evidence the need to reduce existing differences in SVS for freshman students attending Texas State University.
Based on the findings cited in the previous paragraph regarding the relevance of strong SVS to multiple STEM fields and motivated by the ultimate project goal of increasing students' retention, the authors decided to complement the one-day summer orientation by designing a follow-on six-week SVS training to students in need to refine these skills.
Research questions
The In what ways do students change in their understanding of the relevance of SVS to future careers after taking the training?
Description of the pilot spatial visualization skills training
The pilot training was developed and run in the Fall 2015 semester. It was recommended for students taking the Purdue Spatial Visualization Test -Rotations (PSVT-R) and scoring below 70% (21 correct questions out of 30). The 70% benchmark was set after analyzing data collected for the 18 scholars in the former summer orientation (summer 2013) and observing a positive correlation between students' PSVT-R results and students' status (continued or dropped).
The training consisted of six sessions (one session per week) and each session lasted two hours. A session started with a twenty minutes talk related to STEM and usually concerning to a practical application of SVS. The speakers were upper-division students, industry representatives, and faculty from different STEM fields. Speakers prepared the talks in a way that facilitated informal interaction and encouraged participants to ask questions. The purpose of the talks was to motivate students to STEM, stress the relevance of SVS and build community. The remaining 1.5 hours of the session were dedicated to lecture, use of a computer program specially designed to develop SVS, and practice using snapcubes and the white board. The training instructor had high experience teaching the subject. 
Demographics and impact assessment
The participants in the SVS training were 43% female and 57% male. Regarding ethnicity, 57% were Hispanics, 29% White and 14% Asiatic. The majors for the participants were Electrical Engineering 57%, Bio-chemistry 29%, and Manufacturing Engineering 14%. The authors hope to keep the high participation of female and Hispanics in the training and find this result encouraging.
The sample size in this pilot training is too small for extensive statistical analyses. However the pilot findings will impact future programming and research. Indications from the pilot study include: (a) the average improvement in students' scores is statistically significant and equal to 18.334% and (b) all students improved their considerably low pre-training scores (before training average score: 42.78% vs. post-training average score: 61.11 %.) The SVS training will be offered again in the Spring 2016 semester.
The impact of the training was also assessed through an exit survey completed by the student participants. Results indicated that on average students perceive the talks from invited speakers "quite useful". Also, the participants recommend to allocate the same amount of time to invited speakers. All the participants reported that through the training they refined their understanding of the relevance of SVS to future careers.
Conclusions and future directions
This paper presented the methodology guiding the development of a summer orientation and a training to refine spatial visualization skills. These interventions are aimed at improving the motivation of students to STEM and creating a sense of community among STEM students. It has been shown that the agendas for both interventions have been successful in motivating students in their STEM fields.
Due to the early stage of the interventions, the authors cannot conclude about their impact on students' persistence and academic success. It is anticipated that the training may have more impact on students' retention than the orientations. This is not only because the total training length is 12 hours while the orientation is 7-8 hours but also because the training specifically targets a population at high risk of not succeeding in STEM fields. However, an insight from this pilot study is that the orientations are effective to connect students with other activities in the NSF IUSE grant and that such synergy seems like another positive way to impact students' retention. The assessment of the impact on the synergy of the researched interventions with the remaining ones in the grant is a topic for future work.
Through the results collected from the exit surveys on both interventions, this study seems to align with past research 13 that found that the first informal interactions "to discuss intellectual or course related matters" make a significant contribution to freshman attitude towards academic work. The informal setting in which faculty, undergraduate students and freshman interacted has provided also a fun and memorable experience for students.
Additional knowledge acquired from this study is that in the next orientation session, Chemistry and Mathematics majors should be invited. In this way, the capacity of students for each orientation day will be reached. New activities and demonstrations that include more robotics and engineering content are being developed. In the next spatial visualization skills training, faculty teaching first and second year STEM courses will be contacted to broadcast even more the goals and benefits of the training.
